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THE PHOREOGRAPHICAL DETERMINATION OF THE ELECTRICAL
PROPERTIES OF HUMAN SKIN*
JAN KRYPTN, M.D., C.Sc.
From the viewpoint of clinical dermatology,
the electrophysiology of human skin must be
concerned with three main problems: 1) the
ascertainment of diagnostically important
changes of the epidermal electrical parameters
due to local pathological states; 2) the elucida-
tion of the relations between local changes and
the changes caused by nervous influences in the
skin; 3) the assessment of the contribution of
sweat secretion to the conductivity of skin af-
fected by local pathological changes. In addi-
tion, there is a number of other problems which,
however, can be considered of lesser importance.
In the previous works an opinion prevailed
(1) that the electrical parameters of the epi-
dermis, i.e. its resistance, capacity and poten-
tial difference, Were determined primarily by
the changes of sweat secretion. On the other
hand, Edelberg (2) shows that the so-called
galvanic skin response is, to a certain extent,
independent of the sweat secretion. Contro-
versial findings in this field are quite common,
and are caused by the methodically inadequate
approach to the skin electrophysiology, which
does not take into account the non-linearity of
electrical parameters of the epidermis, and by
improper oversimplification of the complex
electrical situation in the epidermis, most au-
thors using only one electrical parameter to
characterize the functional state of the tissue.
For the study of diagnostically important
changes in the human epidermis we have used
a method called phoreography (3). Its main
feature is the differentiation of linear and non-
linear parameters of the epidermis.
THE PRINCIPLE -OF THE METHOD
A transient voltage phenomenon, which appears
in the tissue as a step function of applied direct
constant current is registered as successive pulses
of 4 seconds duration, while the intensity of current
is stepwise increased within the range of 0.1 to 0.9
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microamps, 1 to 9 microamps and 10 to 90 micro-
amps (Fig. 1). The pulses are interrupted by inter-
vals of equal duration. After the maximal inten-
sity has been reached, the current is decreased
again in regular intervals. Before switching on the
current, the spontaneous potential difference is de-
termined. The duration of pulses allows the ob-
servation of the time-variant resistance (4), a phe—
nomenological property of a biological conductor.
The transient phenomena are registered by a di-
rect writing recorder Enograph G (Rohde—
Schwartz); the pulses are generated by a Foreome-
ter (Prema).
THE PREPARATION AND CONTROL OF
THE ELECTRODES
For the measuring with direct current, non-
polarizable electrodes are essential. Their quality
determines the reliability of results and the inter-
pretation of obtained values. The non-polarizable
silver-silver-chloride electrodes were used, elec-
trolytically coated, of 1 sq cm area. A perfect
mechanical and chemical cleaning of the silver
plate must be carried out. This consists in wash-
ing with methyltetrachloride, with 10% NaOH of
about 90°C and with 10% HNO2. After each step
the electrodes are rinsed with distilled water. The
clean electrodes are soldered, carefully isolated and
afterwards electrolyzed for 12 hours in dark, using
the current of 1—2 milliamps for 1 sq cm. The elec-
trolysis finished, the electrodes are connected into
pairs, short-circuited by means of a diluted NaC1
solution and kept in dark. Their properties before
and after use are checked either graphically—the
transient corresponds to that of a pure ohmic re-
sistance, i.e. a square pulse—or by recording the
linearity of the function voltage-current. The po-
tential difference between two electrodes connected
by a conductive paste or by saline should not ex-
ceed 1 millivolt.
The measurement of the skin values was per-
formed with both electrodes fixed in the same way
to the measured area, their distance being at least
2 cm. The contact between the electrodes and the
epidermis was ensured by a conductive paste.
TREATMENT OF THE DATA
The following data were obtained from the reg-
istered phoreograms: 1) the ohmic resistance of the
epidermis (linear property); 2) the hysteresis of
skin resistance (reversibility of a resistance change
after the passage of a certain amount of charge);
3) the potential difference; 4) the threshold voltage
and power producing the non-linear phenomena;
these are of two kinds: A—time independent, B—
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FIG. 1. The phoreogram of human skin. Ordinate: voltage, abscissa: current increasing up to nine
units and decreasing in reverse order. The ohmic resistance is determined from the first fours pulses.
The appearance of time-independent non-linearity at the 5th pulse, of the time-variant non-linearity
at the 7th pulse. The hysteresis manifests itself as a difference between the first and the last pulse.
time-variant; 5) time-constants of transients, a
measure of capacitive properties of the skin dielec-
tric.
THE RESULTS
Ohmic-Linear-Resistance in Different Areas
Site Mean Variability Number
JO6&T JO6&T
4.980 0.6—10.8 14
Hand
palmar
dorsal
nail
Even under standard conditions of measure-
ments the variability of ohmic resistance is
considerable. Further work will be devoted to
the elucidation of relationships between different
areas of human integument.
HYSTERESIS OF SKIN RESISTANCE
This property is defined as a relation
resistance after passage of current
Hysteresis = . -initial resistance
and is related to the amount of charge passed
through the skin.
0.55 mliii-
coulomb/sq cm
5.5 mliii-
coulomb/sq cm
Normal (n = 14)
Pathological (Ery-
thema nodosum, ii =
40)
0.89 0.09
0.88 0.19
0.89 0.57
0.83 0.30
The values of hysteresis are grouped about
almost the same average; but after the passage
s of higher currents, the occurrence of resistance
4 increase as. well as resistance decrease is more
5 pronounced, as indicated by higher standard
deviation.
Threshold Voltages and Powers of Non-linear
Phenomena
Voltage
Time-independent
phenomena
0.25—1.60 V
Time-variant
phenomena
0.52—7.80 V
Current 0.10—5.OOpA 0.60—9.OOpA
0.30—66.00Power pW
On average, the threshold values of time-variant
phenomena are at least one decade higher than
those of the time-independent non-linearity.
The potential difference—about 20 mV—was
substracted from values measured with current
and a special evaluation has not been per-
formed, nor has that of capacitive properties.
This will be the subject of further communica-
tion.
0.406
3.850
4.000
Leg
dorsal
0.1— 1.3
0.004—11.0
1. 2-11. 0
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DISCUSSION
The author believes that for the requirements
of clinical electrodiagnostics it is the value of
ohmic resistance that can be most reliably in-
terpreted; however, the information derived
from other parameters must not be neglected.
Under the conditions of constant geometrical re-
lations, the ohmic resistance is a manifestation
of the number, charge and mobility of current
carriers in the living system. Hence it depends
on the tissue electrolytes, and indirectly on its
macromolecular structure and hydration. All
parameters characterize the state of the tissue
as a whole; the description is therefore phe-
nomenological and does not intend to interpret
the mechanisms.
The distinction between linear and non-linear
properties of the epidermis is of extraordinary
significance: the linear properties are inherent
to such a space in the tissue, where the trans-
port functions are not complicated by active
phenomena and may be considered mainly as
simple diffusion processes. This space may be
called an extra-membrane or linear space. In
the majority of cases, this space in human epi-
dermis is very small. After the current density
has attained the threshold value, deviations
from linearity of conduction occur (e.g. new
conduction channels are opened etc.) the re-
sistance becoming variable and even negative.
These non-linear properties are related to bio-
logical barriers and membranes, and phenom-
enologically can be attributed to a non-linear
"space". This concept offers a new explanation
to the changes of skin conductivity connected
with the sweating or with the local reaction of
Ebbecke, which are considered as non-linear,
active phenomena, and not merely as changes of
"passive" electrical properties of the epidermis
(5).
The electrophysiological correlate of patho-
logical changes in the epidermis will be the
subject of further study.
SUMMARY
A new approach to the study of electrical
properties of human epidermis is described,
consisting of a simultaneous determination of
the ohmic resistance, hysteresis, potential differ-
ence, capacitance and threshold values of non-
linear phenomena. The principle of the method,
called phoreography, is described, as are the
preparation and checking of non-polarizable
electrodes. The treatment of data thus acquired
is phenomenological, and the main feature of a
phenomenological description is a distinction
of "linear" and "non-linear spaces" in the tissue.
Many of the so-called passive electrical prop-
erties of the skin must be interpreted from this
point of view as non-linear, and therefore "ac-
tive", although they are measured by means of
external current.
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